Objective. To assess the impact of low-to-moderate risk prostate cancer on patients' quality of life (QoL) at diagnosis and within the first year of treatment. Subjects and Methods. Men ( = 672) aged 50-75 years with prostate cancer (Gleason score ≤ 7, PSA ≤ 20 ng/mL and clinical staging T1c-T2b) were enrolled in five European countries. Patients completed five questionnaires, including EORTC Quality of Life Questionnaire-Prostate Cancer 25 (QLQ-PR25) and EORTC Quality of Life Questionnaire-Cancer 30 (QLQ-C30). Questionnaires were completed at baseline, at 3 months and 12 months after starting treatment. The primary endpoint was the change in QLQ-PR25 urinary symptoms subscale score from baseline to the assessment at 3 months. Results. Mean (SD) age was 65.0 (5.7) years and 400 (66%) men had Gleason score ≤6 prostate cancer. The most frequently used initial treatment was radical prostatectomy (71% of patients). QLQ-PR25 urinary symptoms subscale score was significantly increased at 3 months ( < 0.001), indicating that urinary symptoms worsened after treatment. The score was lower at 12 months than at 3 months, but it was still significantly higher than at baseline ( < 0.001). Hormonal treatment-related symptoms, sexual functioning, and sexual activity scores significantly worsened at 3 and 12 months (all < 0.001). For the QLQ-C30 questionnaire, global health status/QoL score significantly decreased at month 3 but was not different from baseline by month 12. Scales for physical, role, and social functioning, and fatigue, showed significant deterioration at 3 and 12 months. Conclusions. Low-to-moderate risk prostate cancer may have a substantial effect on patients' QoL within one year following treatment.
Introduction
In 2008, the estimated number of new prostate cancer cases worldwide was almost 900,000; this burden is expected to increase to 1.7 million by 2030 due to the growth and aging of the global population [1] . Prostate cancer was the most frequently diagnosed male cancer (excluding skin cancer) in Europe in 2008 with an estimated 382,000 cases or 22% of all male cancers diagnosed [2] . Furthermore, it is the third most common cause of cancer death in men in Europe after lung and colorectal cancer, with over 89,000 deaths attributed to prostate cancer in 2008.
The burden associated with prostate cancer diagnosis is high and stems from the diagnosis, the disease itself, and the varying impact of the available treatment options. The majority (90%) of men with low-risk prostate cancers receive radical intervention, with 50-60% undergoing radical prostatectomy as their primary treatment [3, 4] . Side effects such as sexual dysfunction, urinary incontinence, bowel problems, anxiety, weakness, fatigue, hot flushes, and pain are frequently experienced, depending on the type of treatment given [5] [6] [7] [8] [9] . Existing data also confirm the impact of different prostate cancer treatments, or the disease in general, on quality of life (QoL) and patients' emotional well-being [6, 7] . However, there is little (if any) information available on the burden of illness in men diagnosed with low-tomoderate risk prostate cancer. A recent study assessed the long-term (5-year follow-up) QoL impact of treatments for low or intermediate risk prostate cancer in 704 patients [10] . Men were treated with radical prostatectomy, external beam radiotherapy, or brachytherapy, with brachytherapy shown to cause the least impact on QoL. The present pan-European study assessed the shorter-term impact of low-to-moderate risk prostate cancer on patients' QoL and anxiety/depression (i.e., at diagnosis and within the first year of treatment) and estimated healthcare consumption within the first year of diagnosis.
Subjects and Methods
This was a prospective, 1-year, observational, pan-European (Germany, France, Spain, Italy, and Sweden) study of men aged 50-75 years with prostate cancer of low-to-moderate risk of progression (Gleason score ≤ 7, PSA ≤ 20 ng/mL and clinical staging T1c-T2b according to D' Amico criteria of low-intermediate risk [11] ). All included patients were able to read and write in order to complete the study questionnaires. Exclusion criteria comprised the following: Gleason score ≥ 8, PSA > 20 ng/mL, or clinical staging ≥ T2c; previous treatment for prostate cancer or use of prostate cancerrelated medications; the presence of any other cancer (except basal cell carcinoma) within the previous 5 years, or any uncured cancer diagnosed more than 5 years ago (with clinical evidence of relapse in the previous 5 years). All included patients provided written, informed consent. The study was approved by the relevant Ethics Committees and conducted in accordance with ICH GCP, the Declaration of Helsinki 2008 and any applicable local requirements.
Patients were asked to complete three validated QoL questionnaires: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Prostate Cancer 25 (EORTC QLQ-PR25); EORTC Quality of Life Questionnaire-Cancer 30 (EORTC QLQ-C30); and EuroQoL-5D (EQ-5D) [12] [13] [14] . Anxiety and depression were also assessed, using the Hospital Anxiety and Depression Scale (HADS) questionnaire. In addition, the Work Productivity Assessment Index (WPAI) questionnaire was used to assess effect of diagnosis and treatment on work productivity and activity. All questionnaires were completed at baseline (within 2 months of diagnosis and before any prostate cancer treatment), and at 3 months and 12 months after starting prostate cancer treatment. Questionnaires were completed in the clinic in a quiet room, away from any influence of healthcare professionals. In extenuating circumstances, questionnaires could be completed at home and returned to the clinic by post. Missing values were not imputed.
The primary study endpoint was the change in QLQ-PR25 urinary symptoms subscale score from baseline to the assessment at 3 months after the start of prostate cancer treatment. Secondary endpoints were changes in other QLQ-PR25 subscale scores from baseline to the 3-month assessment; changes in all QLQ-PR25 subscale scores from baseline to the assessment after 12 months' treatment; changes in QLQ-C30 scores from baseline to the 3-and 12-month assessments; difference from normative data (based on the UK general population) in baseline EQ-5D and HADS scores; changes in EQ-5D scores from baseline to the 3-and 12-month assessments; changes in HADS scores from baseline to the 3-and 12-month assessments; and cost assessment for prostate cancer subjects based on type of treatment administered, resource utilisation (visits/treatment), and indirect costs captured using the WPAI.
A total of 134 patients per country were needed in order to have 90% power to detect a difference of 4.9 from baseline to 3 months in QLQ-PR25 urinary symptoms subscale scores. The Full Analyses Set (FAS) consisted of all patients who completed the baseline and the 3-month QLQ-PR25 questionnaire and was used for the primary outcome analysis. The Baseline Analyses Set (BAS) consisted of all patients who completed the baseline EQ-5D and HADS questionnaire. The primary endpoint was assessed for the FAS population (observed cases) using a repeated measures analysis of variance with the following covariates: age, centre, initial treatment received, Gleason score, T-stage, PSA test result, education status, and whether the subject had a progressive benign prostatic hyperplasia (BPH) diagnosis (defined by acute urinary retention [AUR]/BPH surgery). For the study endpoints, two-sided 95% confidence intervals for the adjusted mean changes from baseline in the questionnaire scores were calculated along with values from a two-sided significance test that the mean change from baseline was zero. A significance level of 0.05 was used for the primary endpoint.
Results

Patients.
A total of 672 patients were enrolled, of whom 603 completed the baseline EQ-5D and HADS questionnaires (BAS population; 86 patients (18 centres) in France, 132 (20 centres) in Germany, 131 each in Italy (9 centres) and in Spain (11 centres), and 123 (9 centres) in Sweden) and 404 completed the baseline and 3-month QLQ-PR25 questionnaires (FAS population); 326 patients completed the 12-month QLQ-PR25 questionnaire. Information on why patients did not complete the questionnaire was not collected. For the BAS population, the median study duration was 398 days (range: 1 to 787 days). Demographic and baseline characteristics are summarised in Table 1 . Mean (SD) age was 65.0 (5.7) years and 400 (66%) men had Gleason score ≤6 prostate cancer. Mean (SD) PSA level at baseline was 7.2 (3.4) ng/mL. Demographic characteristics were largely similar in subjects who did and those who did not complete the questionnaires. The most frequently used initial treatment for prostate cancer was radical prostatectomy (71% of patients). Other treatments were external beam radiotherapy (9%), brachytherapy (3%), combined hormonal therapy/radiotherapy (2%), hormonal therapy alone (1%), and radical prostatectomy followed by salvage radiotherapy (<1%). Ten percent of patients were subjected to active surveillance/ watchful waiting, and 2% received other treatment. A total of 176 patients were receiving concomitant medications for genitourinary conditions, the most common of which were alprostadil (7%), tadalafil (7%), bicalutamide (6%), and tamsulosin (6%).
QLQ-PR25
. QLQ-PR25 urinary symptoms subscale score was significantly increased at 3 months ( < 0.001), indicating that urinary symptoms worsened after treatment ( Table 2 ). The score was lower at 12 months than at 3 months, but it was still significantly higher than at baseline ( < 0.001). Of the covariates assessed, age ( < 0.0001) and centre ( = 0.0003) were significant in relation to this subscale score. Analysis of QLQ-PR25 urinary symptoms subscale score was also performed according to initial treatment of prostate cancer. Among the 71% of subjects who underwent a radical prostatectomy, statistically significantly increases in QLQ-PR25 urinary symptoms subscale scores were seen after treatment ( < 0.001), similar to the results for the overall population. For subjects who underwent external radiotherapy, a statistically significant increase in QLQ-PR25 urinary symptoms subscale score was seen at month 3 ( = 0.047) but not at month 12 ( = 0.103). In patients managed with an active surveillance approach, symptoms worsened but this was not statistically significant at either time point. In country-specific analyses, urinary symptoms significantly worsened in all five countries at 3 months, and in Germany and France at 12 months.
Other QLQ-PR25 subscale score endpoints are reported in Table 3 . Hormonal treatment-related symptoms, sexual functioning, and sexual activity scores significantly worsened at 3 and 12 months (all < 0.001). Incontinence aid problems score increased, but this was only significant at 3 months ( = 0.003; = 0.075 at 12 months). There was no significant change in bowel symptoms score at either time point.
QLQ-C30.
For the QLQ-C30 questionnaire, global health status/QoL score significantly decreased at month 3 but was not different from baseline by month 12. Scales for physical, role and social functioning, and fatigue, showed significant deterioration at 3 and 12 months. No significant change was observed in cognitive functioning, while emotional functioning significantly improved. Pain score was significantly worse compared with baseline at month 3 but not at month 12. Nausea and vomiting score was largely unaffected (Table 4) .
EQ-5D, HADS, and WPAI.
There was no significant change from baseline in EQ-5D scores at 3 and 12 months following treatment for prostate cancer (data not shown). Compared with age-matched normative data (UK general population), the health status (EQ-5D) of the study population was similar to the general population at baseline and month 12, but significantly worse 3 months after starting treatment.
Anxiety score (HADS anxiety subscale) was significantly reduced ( < 0.001) from baseline (5.3) at both 3 (4.4) and 12 (4.3) months following the start of treatment. The largest improvement at both time points was in the group of patients ( = 12) whose initial management was with watchful waiting. However, depression score (HADS depression subscale) did not change significantly. Compared with agematched normative data (UK general population), anxiety was significantly lower ( < 0.001) in the study population at baseline, 3, and 12 months, while depression was similar at all three time points. Approximately 25% of patients were employed at the time of entering the study. Fewer patients remained in work after they received a prostate cancer treatment (19% at month 3 and 16% at month 12). On average, 32 working hours in the previous week were reported at baseline; these hours slightly decreased following initial treatment. The average missed working hours due to prostate cancer in the previous week was 6 hours at baseline and month 3, and 2 hours at month 12. Based on the overall WPAI scores, diagnosis and treatment of prostate cancer had no impact on working productivity and on regular daily activities over the course of the study.
Medical costs including resource utilisation associated with prostate cancer diagnosis and/or treatment were analysed. Of 603 subjects in the BAS population, 96% ( = 578) had a consultation(s) with a healthcare professional for management of their prostate cancer. The primary reason for the consultation was related to diagnosis and/or monitoring of their prostate cancer. Ninety-seven percent of subjects ( = 586) had at least one type of procedure related to their prostate cancer management. Procedures were related to diagnosis and/or monitoring of prostate cancer in 89% of patients, with PSA testing and biopsy being the most frequently performed. Procedures were related to prostate cancer treatment in 83% of subjects, with more than half of these ( = 285) undergoing a radical prostatectomy.
Discussion
In this observational study, the majority of patients recruited were due to receive treatment of curative intent such as radical prostatectomy, external radiotherapy, brachytherapy, and hormone therapy, despite having tumours of low-to-moderate risk. For example, almost three-quarters of patients (71%) underwent radical prostatectomy as primary treatment. Overall, treatment of prostate cancer had negative effects on all six domains of the prostate cancer-specific QLQ-PR25 questionnaire. Urinary symptoms were generally worse after 3 months and although they improved after 12 months, they remained significantly worse than at baseline. Incontinence aid problems were also worse after 3 months than after 12 months (only significant versus baseline at month 3). Unlike urinary symptoms, sexual functioning did not tend to improve after one year compared with 3 months, suggesting that the impact of treatment on sexual function may be longer-lasting and more profound compared with the effect on urinary symptoms. On the other hand, sexual activity score did show a slight improvement after 12 months compared with 3 months, although it remained significantly lower compared with baseline. Bowel symptoms scores worsened, particularly among patients whose initial treatment included radiotherapy (data not shown), although overall the change from baseline was not statistically significant. Worsening of urinary symptoms among patients managed with active surveillance may suggest an age-related natural decline, although age was taken into account in our analyses as a covariate. The primary endpoint for the study was the change in QLQ-PR25 urinary symptoms subscale score from baseline to the assessment at 3 months after the start of prostate cancer treatment. For some prostate cancer interventions (e.g., radiation therapy), the adverse effects are not immediately evident; the 3-month time point was therefore selected on the basis that this would enable the adverse impact of most interventions to become apparent. The urinary symptoms subscale score was chosen in order to have a primary endpoint that was common across all prostate cancer interventions. The number of evaluable patients was less than planned, which had the potential to adversely affect power. However, despite this, statistically significant differences were observed for the primary endpoint, both overall and in each individual country.
Using the more general cancer QoL QLQ-C30 questionnaire, physical, role, and social functioning significantly worsened following treatment, as did fatigue and pain symptoms. In contrast, emotional functioning improved after treatment. Changes in QLQ-PR25 and C30 questionnaires were not strongly correlated with health status (as assessed by EQ-5D scores), which did not significantly change from baseline. One possible explanation for this lack of correlation is that the EQ-5D assessment may not have been sensitive enough to reflect the changes in health-related QoL that occur following interventions for prostate cancer.
Patients' anxiety and depression levels were relatively unaffected at the time of diagnosis, as mean scores were within the normal range of the HADS questionnaire. These scores might have been expected to deteriorate over time, as other studies have shown a high incidence of anxiety, depression, and distress [7, 15] . However, depression remained largely unchanged while anxiety actually lessened after treatment. This is consistent with the improvement in emotional functioning as measured by the subscale of the QLQ-C30 questionnaire. It is possible that therapeutic intervention might allay patient fears and so reduce anxiety. Education of patients, psychological support from healthcare providers and caregivers, and the use of anxiolytic medications might also have been factors in reducing anxiety and improving emotional functioning.
The majority of patients (75%) were not working at study entry, thereby limiting the data on the impact of prostate cancer on work productivity. However, for those subjects who did work our data suggest that any impact on work productivity may be transitory, and improves over time, following prostate cancer treatment.
Our study primarily examined the burden of low-tomoderate risk prostate cancer from the perspective of the disease state. Nevertheless, our findings are generally in line with those from other studies that have assessed the reported impact of prostate cancer treatment on various aspects of physical functioning. Radical prostatectomy, radiotherapy, hormonal therapy, and watchful waiting have all been shown to have a negative impact on sexual function, urinary function, and bowel function of patients treated for prostate cancer [6, 8, 9, [15] [16] [17] [18] . Most recently, an analysis of 1655 men from the Prostate Cancer Outcomes Study compared long-term urinary, bowel, and sexual function after radical prostatectomy or external-beam radiation therapy for localised prostate cancer [19] . This study showed that these treatments resulted in declines in all functional domains during 15 years of follow-up. The absence of any significant effect on bowel symptoms in our study may be explained by the fact that only approximately 10% of patients received external radiotherapy, the treatment most associated with bowel toxicity [20] .
A potential limitation of our study is that the results rely on patient recall after 3 months and after 12 months. Our study may also have benefited from a longer follow-up period than 12 months. In addition, because of the observational nature of the study, there may be differences in factors such as age, Gleason score, and tumour stage according to initial treatment received; this may restrict comparison of the data according to initial treatment type, and also prevented any further subgroup analyses according to initial treatment received. Another possible limitation is the high proportion of patients treated with radical prostatectomy, which may limit the external validity of our findings. However, it is important to note that interventions were not restricted in the study protocol, with treatment decisions left to the physician/patient based on individual patient circumstances. In this respect, our study population reflects real-life clinical practice. Further, the proportion of patients treated by surgery in this study is consistent with other published data that show radical prostatectomy is the most common treatment in men with low-to-moderate risk prostate cancer [4, 21] .
In the present study, statistically significant differences compared with baseline were demonstrated for several of the QoL subscales assessed; however, this does not necessarily translate to clinically important effects. There is currently no definition available as to what would represent a clinically meaningful change in QLQ-PR25 scores, although some information is available on the minimal clinically important difference in QLQ-C30 scores [22] . These data suggest that changes in the range of 5-10% (or 5-10 points in the present study) may be considered clinically significant.
QoL considerations are important in helping guide treatment decision-making in patients with prostate cancer, especially those at low-to-moderate risk of progression. The majority of these patients have a favourable prognosis and are not destined to die of their disease even in the absence of treatment. However, overtreatment of indolent disease may be a problem given that the various treatment options can have a significant negative impact on a patient's health status and QoL. This study showed that, across France, Germany, Italy, Spain, and Sweden, low-to-moderate risk prostate cancer is usually treated with radical therapies. This treatment strategy had a negative impact on various dimensions of QoL in these patients during the one-year observation period. Prostate cancer treatment was associated with a decrease in urinary and sexual functioning and increase in hormonal treatment-related symptoms. With some exceptions, the impact on treatment-related functioning scales and symptoms tended to be higher at month 3 and to have some degree of improvement at month 12. Treatment of prostate cancer had minimal effects on depression and anxiety, and a limited impact on productivity among active workers.
In conclusion, low-to-moderate risk prostate cancer may have a substantial effect on the QoL of affected patients within one year following treatment. Our study provides further supportive information on the QoL impact of treatments for low-to-moderate risk prostate cancer and will help physicians to tailor discussions with patients and guide decision making for disease management, particularly with regard to the primary treatment chosen.
